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ABSTRACT 
Newly synthesized Cobalt (III) complexes of thiosemicarbaziones, derived from condensation of 2‐acetyl pyridine or 
2‐acetyl thiophene with alkyl and aryl substituted (4N) thiosemicarbazide. The ligands are tridentate and having 
donor sites N-N-S and S-N-S, respectively. The isolated solid complexes were characterized by elemental analysis, 
electronic spectra, infrared spectra, 1H NMR spectra, magnetic susceptibilities and molar conductivities 
measurements. Cyclic Voltametric studies were performed to explain the redox behavior of the complexes. The 
complexes are low spin with octahedral geometry and found to be diamagnetic. The ligands and isolated complexes 
were screened for selective antibacterial and antifungal activities and some of them having appreciable amount of 
antimicrobial activities. 
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1. INTRODUCTION 
Thiosemicarbazone ligands with variations in the 
ligands moiety are of much interest to coordination 
chemists as ligand alone or their different metal 
chelates, because of their great role as antitumor, 
anticancer, antituberculosis or other biological 
activities[ 1-7 ]. The wide range of biological activities 
of thiosemicarbazones is mostly depending on the 
parent aldehyde or ketone. Metal ions, especially 
transition metals on coordination with such ligands, 
sometime enhance their biological activities. In 
addition, the complex can exhibit bioactivities which 
are not shown by the free ligand.  
 
The first row transition elements Fe, Co, Ni, Cu, Zn, V 
and Mn are found to be present in traces in human 
body and perform various metabolic functions mostly 
as different metallo-enzymes [8-11]. The role of cobalt 
metal is well known as cyano-cobalamine in vitamin 
B12. Besides, recently it is observed that artificial 
endonucleases based on parent cobalt (III) cyclen 
complex have been used as artificial endonucleases and 
have demonstrated for the hydrolysis of DNA and RNA 
[12]. 
 
In continuation of our work with thiosemicarbazone 
[13] the present article describes the synthesis of  some 
Co(III) complexes of tridentate ligands derived from  2-
acetyl pyridine or  2-acetyl thiophene with  substituted  
N(4) thiosemicarbazide, having donor sites N-N-S and 
S-N-S. Thereafter, various physico-chemical studies 
were carried out to establish their structure and 
geometry. The microbial activity of free ligands and its 
Cobalt (III) complexes were also studied.  
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2. MATERIALS AND METHODS 
All chemicals used are of A.R. grade.  2-acetyl pyridine 
and 2-acetyl thiophene were purchased from Aldrich. 
CoCl2.6H2O and Co(NO3)2.6H2O were obtained from 
BDH, AR grade.  All solvents were distilled before use. 
 
Preperation of Ligand and Complexes 
The ligands (see Figure 1) were synthesized by 
refluxing 2-acetyl pyridine or 2-acetyl thiophene, 
respectively, with different N(4) substituted 
thiosemicarbazide in 1:1 molar stoichiometry in 
EtOH/H2O (85:15) for about 3-4 hours on water bath; 
thereafter the volume was reduced to half of its original 
volume and finally kept in a desiccator. The solid 
crystalline compound was filtered, recrystallized from 
EtOH and finally dried in desiccator over fused CaCl2. 
 
HL1 (C9H12N4S) Anal.Calcd. % C, 51.92; H, 5.77; N, 26.92. 
Found C, 51.63; H, 5.97; N, 27.31. 
HL2(C10H14N4S) Anal.Calcd. %C,54.05; H, 6.31; N, 25.22. 
Found C, 53.77.17; H, 6.03; N, 25.54  
HL3 (C14H14N4S) Anal. Calcd.% C, 62.22; H, 5.18; N, 
20.74. Found C, 61.83; H, 5.31; N, 21.08  
HL4 (C8H11N3S2) Anal.Calcd.% C, 45.07; H, 5.16; N, 
19.72. Found C, 45.36; H, 5.03; N, 20.01. 
HL5 (C9H13N3S2) Anal.Calcd. % C, 47.58; H, 5.73; N, 
18.50. Found C, 47.27; H, 5.87; N, 18.32  
HL6 (C13H13N3S2) Anal.Calcd. % C, 56.73; H, 4.73; N, 
15.27 . Found C, 56.39; H, 4.55; N, 15.09. 
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Figure 1 Ligands  
 
Complexes 
The Co(III) complexes were synthesized by adding 0.5 
m mol CoCl2·6H2O/Co(NO3)2.6H2O to solutions of 1 m 
mol of the desired ligands in EtOH/H2O (85:15;15 mL). 
The resulting solutions were stirred for 2 hrs under 
reflux. Thereafter, air was passed through the solutions 
for about 2-3 hrs and kept under slow evaporation at 
room temperature until brown precipitates were 
formed ( see Figure 2) The precipited solids were 
filtered off, washed with cold ethanol and dried under 
vacuum. 
 
(Reflux in aqueous ethanol,2-3hrs then)
(Air was passed for 2 hrs)
Cl
N
N
NH
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Where R=CH3, C2H5, C6H5 Where R=CH3, C2H5, C6H5
Figure 2 Synthesis of Co (III) complexes with ligands HL1, HL2 and HL3
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[Co(L1)2]Cl (I) : 
Yield 63%. Analysis: Calc.: C, 42.48; H, 4.33; N, 22.03; 
Co, 11.60%. Found: C, 39.58; H, 4.19; N, 22.21, Co, 
11.47%. Molar conductivity (Λm in 10-3M DMSO):106.5 
ohm-1cm2mole-1; µeff =0, Diamagnetic. 
[Co(L1)2]NO3 (II) :  
Yield  (58%). Analysis: Calc. : C, 40.37; H, 4.11; N, 23.55; 
Co, 11.03%. Found: C, 40.53; H, 4.19; N, 23.47; Co, 
11.16 %. Molar conductivity (Λm in 10-3M DMSO):102.5 
ohm-1cm2mole-1; µeff =0, Diamagnetic. 
[Co(L2)2]Cl (III) : 
 Yield   (67%). Analysis: Calc.: C, 44.73; H, 4.85; N, 
20.88; Co, 10.99%. Found: C, 44.58; H, 4.79; N, 20.97; 
Co, 10.75%.  Molar conductivity (Λm in 10-3M DMSO):98 
ohm-1cm2mole-1 ; µeff =0, Diamagnetic. 
[Co(L2)2]NO3 (IV) : 
Yield  (64%). Analysis: Calc. : C, 42.63; H, 4.62; N, 22.38; 
Co, 10.48%. Found: C, 42.48; H, 4.49; N, 22.57; Co, 
10.59%.  Molar conductivity (Λm in 10-3M DMSO):109.5 
ohm-1cm2mole-1; µeff =0, Diamagnetic. 
[Co(L3)2]Cl  (V) :    
Yield  (68%). Analysis: Calc.: C, 53.12; H, 4.11; N, 17.71; 
Co, 9.33%. Found: C, 53.38; H, 4.19; N, 17.87; Co, 
9.47%. Molar conductivity (Λm in 10-3M DMSO):105 
ohm-1cm2mole-1; µeff =0, Diamagnetic.             
[Co(L3)2]NO3 (VI) : 
Yield  (54%). Analysis: Calc.: C, 50.98; H, 3.95; N, 19.12; 
Co, 8.95%. Found: C, 50.73; H, 4.11; N, 19.07; Co, 
9.16%. Molar conductivity (Λm in 10-3M DMSO):101.5 
ohm-1cm2mole-1; µeff =0, Diamagnetic. 
[Co(L4)2]Cl (VII) : 
Yield (61%). Analysis: Calc. : C, 37.03; H, 3.86; N, 16.20; 
Co, 11.38%. Found: C, 37.28; H, 4.03; N, 16.13; Co, 
11.52%. Molar conductivity (Λm in 10-3M DMSO):95.5 
ohm-1cm2mole-1; µeff =0, Diamagnetic. 
[Co(L4)2]NO3 (VIII) : 
Yield (48%). Analysis: Calc.: C, 35.23; H, 3.67; N, 17.98; 
Co, 10.83%. Found: C, 35.38; H, 3.79; N, 17.87; Co, 
10.76%. Molar conductivity (Λm in 10-3M DMSO):103 
ohm-1cm2mole-1; µeff =0, Diamagnetic. 
[Co(L5)2]Cl  (IX) : 
Yield (65%). Analysis: Calc.: C, 39.52; H, 4.39; N, 15.37; 
Co, 10.80%. Found: C, 39.65; H, 4.27; N, 15.12; Co, 
10.95%. Molar conductivity (Λm in 10-3M DMSO):117 
ohm-1cm2mole-1; µeff =0, Diamagnetic . 
[Co(L5)2]NO3 (X) : 
Yield (58%). Analysis: Calc.: C, 37.70; H, 4.19; N, 17.10; 
Co, 10.30%. Found: C, 37.58; H, 4.08; N, 17.27; Co, 
10.37%.Molar conductivity (Λm in 10-3M DMSO):93.5 
ohm-1cm2mole-1 ; µeff =0, Diamagnetic. 
[Co(L6)2]Cl (XI) : 
Yield (61%). Analysis: Calc.: C, 48.56; H, 3.74; N, 13.07; 
Co, 9.18%. Found: C, 48.68; H, 3.69; N, 13.23; Co, 
9.37%.  Molar conductivity (Λm in 10-3M DMSO):105 
ohm-1cm2mole-1; µeff =0, Diamagnetic. 
[Co(L6)2]NO3(XII) : 
Yield (53%). Analysis: Calc.: C, 46.64; H, 3.59; N, 14.65; 
Co, 8.82%. Found: C, 46.48; H, 3.48; N, 14.77; Co, 
8.91%.  Molar conductivity (Λm in 10-3M DMSO):113 
ohm-1cm2mole-1; µeff =0, Diamagnetic 
 
 
Physical Methods  
Magnetic susceptibilities of dried sample were 
measured in Guoy’s balance at room temperature. 
Mercury tetrathiocyanatocobaltate(II), Hg [Co(CNS)4], 
was used as calibrant. 
 
Infrared spectra of the pure sample was measured from 
CDRI, Lucknow, India.  
 
Cyclic Voltammetry was performed with BAS 100B 
Electrochemical Analyzer. The equipment for 
measurements in anhydrous DMSO consists of a 
platinum disk electrode (1.2 mm dia) and a platinum 
wire as an auxiliary electrode. The reference electrode 
was Ag/AgCl.  
 
Molar conductance of the approximately 10-3 M DMSO 
solutions of the complexes was carried out using a 
Philips conductivity bridge at room temperature 
(25°C). 
 
 1H NMR spectra was recorded in DMSO solution of the 
free ligands and as well as of complexes and data are 
expressed in ppm. It is recorded at room temperature 
using Tetramethyl silane as reference. 
 
 
3. RESULTS AND DISCUSSION 
The isolated complexes are colored and sufficiently 
stable in atmospheric conditions for handling. The 
elemental analyses support the formulation of isolated 
complexes. The complexes are soluble in aqueous 
ethanol. They are also completely soluble in DMSO or 
pyridine. The formulations and final structures were 
established besides elemental analysis through results 
of IR spectral data, electronic spectra, 1H NMR spectra, 
magnetic susceptibilities and molar conductance data. 
 
3.1 Electronic Spectra 
The electronic spectra of the ligands showed a band in 
the 323-398 nm range, assignable to a combined  n→π* 
and π→π* electronic transitions related to the 
heterocyclic ring [14-16]. The spectra of the CoIII 
complexes showed the pyridine ring transitions, with 
the n→π*, occurring at higher energies, below 300 nm, 
confirming the complexes formation. Additional bands 
in the 360-400 nm range are assignable as 
combinations of d→d transitions with S→Co(III) and 
Py→Co(III) charge transfer transitions [17]. Hence, T1g 
← 1A1g and 1T2g ← 1A1g were not found which are 
usually observed in the visible region. The electronic 
spectral data are in well conformation with the 
suggested low spin Co(III) complexes. 
 
3.2 Infrared spectra 
IR spectral data of the thiosemicarbazone ligands are 
characterized by strong band at ν(NH) absorptions in 
the range of 3365-3153 cm-1. On metal chelation one of 
the band disappears, as the ligand underwent thione 
form in the solution [13] (Figure 3). In the complexes 
the C-S bond shifts considerably to lower energy, 
because of deprotonation of S-H bond and forming M-S 
  284 http://ijcns.aizeonpublishers.net/content/2015/4/ijcns281-286.pdf 
        
Mulugeta Legesse Akele et al. / Int J Chem Natur Sci. 2015, 3(4): 281-286 
[13,18]. The C=N stretching frequency on complexation 
with metal ion changes to 1535-1573 cm-1, indicating 
the coordination of immine nitrogen with Co(III)[19]. 
 
 
Table 1: Infrared spectral data of ligands and its complexes with cobalt(III) (cm-1) 
Ligand/complex 
 
  
 
  
HL1 3321-3243 798 1585  - - 
HL2 3325-3100 783 1590  - - 
HL3 3375-3150 781 1585  - - 
HL4 3435-3100 825 1575  - - 
HL5 3375-3050 805 1590  - - 
HL6 3475-3100 815 1580  - - 
[Co(L1)2]Cl (I)                                      3323 732 1556  365 368 
[Co(L1)2]NO3 (II)  3298 737 1562  371 365 
[Co(L2)2]Cl (III)  3379 741 1560  356 362 
[Co(L2)2]NO3  (IV)  3356 751 1549  366 359 
[Co(L3)2]Cl (V)  3335 715 1565  368 355 
[Co(L3)2]NO3 (VI)   3325 720 1563  365 363 
[Co(L4)2]Cl (VII)  3295 732 1561  369 358 
[Co(L4)2]NO3 (VIII)  3375 753 1573  361 351 
[Co(L5)2]Cl  (IX) 3398 719 1562  366 363 
[Co(L5)2]NO3 (X)  3395 717 1569  363 357 
[Co(L6)2]Cl (XI)  3393 720 1563  367 363 
[Co(L6)2]NO3 (XII)  3390 723 1559  368 359 
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Figure3 Thione-thiol tautomeric form of ligands in solution  
 
3.3 1H NMR Spectra 
1H NMR spectral data of free ligands and its Co(III) 
complexes were measured in DMSO-d6 and selective 
data were found to be  useful for establishing the 
proposed structure of the ligands and its complexes . It 
helps to establish the chelation behavior of the ligands 
and finally the proposed structure of the complexes. 
The free ligands shows singlets for -NH proton, but in 
solution on binding with Co(III), the signal was absent, 
because of depronated thiol form of the ligand. IR 
spectral data further justified the presence of Co-S 
bond formed through deprotonation of S-H proton of 
the ligand in solution. The heterocyclic ring structure 
protons were observed in the range of 7.19 to 8.17 ppm 
for all complexes. The methyl proton attached with 
azomethine group was observed in the range 2.77- 2.96 
ppm.  The methyl and ethyl group proton of C-NHR is 
probably overlapped with the methyl proton of 
azomethine group. 
 
3.4 Cyclic Voltammetric Studies  
Cyclic voltammetric studies of the complexes were 
carried out with supporting electrolyte tetraethyl 
ammonium perchlorate dissolved in DMSO at room 
temperature. The voltammograms were recorded with 
different scan rate ranging from 50 mVs-1 to 150 mVs-1.  
One irreversible process and two well-defined quasi-
reversible (ipa/ipc ≈1) waves were detected. The 
irreversible peak around 1.23 V is assigned as an 
oxidation process involving the TSC ligand, as 
previously reported for a similar compound. The two 
cathode processes correspond to the CoIII/CoII and 
CoII/CoI couples, while the two anodic processes 
correspond to the CoI/CoII and CoII/CoIII couples. The 
complexes presented here have an electrochemical 
behavior similar to that observed elsewhere for other 
CoIII complexes [22]. 
 
3.5 Microbial activity 
The antibacterial activity of the free ligands both semi 
and thiosemicarbazones and their corresponding 
complexes of cobalt(III) were studied with some 
selective gram positive (S. aureus) and gram negative 
bacteria (E. coli) by normal disc diffusion method [ 20, 
21] (Table 2). Test bacteria cultures were performed in 
a nutrient agar media on Petri dishes. The nutrient 
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media was prepared with usual components and 
properly sterilized in an autoclave. Test solution of 
ligands and complexes were prepared in the 
concentration 25µg/µL, 50µg/µL and 100µg/µL in 
DMSO and were tested against above mentioned 
organisms. The standard used here was ampicillin 
solution of different concentrations. The zone of 
inhibition was calculated in mm. The Metal chelates 
were  found to be more active in some cases. This may 
be due to the effect of metal ions on the normal cell 
membrane and further can be explained on the basis of 
chelation theory. Both polar and nonpolar properties of 
metal chelates enable them to penetrate through 
surface of cells and tissues. Moreover, it was further 
observed that thiosemicarbazone metal chelates are 
more bioactive than that of semicarbazone complexes, 
possibly attributed to the presence of sulphur in the 
compound. 
 
Table 2: Antibacterial activity of ligands and its Cobalt(III) complexes 
  E. coli S. aureus 
Ligand/complex 25µg/µl 50µg/µl 100µg/µl 25µg/µl 50µg/µl 100µg/µl 
HL1 21 23 23 19 21 22 
HL2 20 22 23 18 19 21 
HL3 21 22 22 20 22 23 
HL4 21 22 23 20 21 21 
HL5 20 20 22 19 20 21 
HL6 21 21 23 19 22 22 
[Co(L1)2]Cl (I)                                      24 24 27 22 23 24 
[Co(L1)2]NO3 (II)  23 25 26 21 21 24 
[Co(L2)2]Cl (III)  25 25 28 24 24 26 
[Co(L2)2]NO3  (IV)  24 25 27 22 23 25 
[Co(L3)2]Cl (V)  22 24 27 21 23 24 
[Co(L3)2]NO3 (VI)   23 24 26 21 22 25 
[Co(L4)2]Cl (VII)  24 26 29 22 24 27 
[Co(L4)2]NO3 (VIII)  24 25 28 23 23 26 
[Co(L5)2]Cl  (IX) 25 27 28 24 27 28 
[Co(L5)2]NO3 (X)  26 26 29 25 27 29 
[Co(L6)2]Cl (XI)  27 28 31 26 28 29 
[Co(L6)2]NO3 (XII)  29 29 31 28 30 31 
Ampicillin 41 43 44 40 42 45 
* Zone inhibition in mm 
 
The antifungal activities were studied against two 
pathogenic fungi, A. niger and C. albicans by the same 
method using the test solution in the concentration 
25µg/µL, 50µg/µL and 100µg/µL in DMSO. This is 
reported in the Table 3. The standard used here is 
Flucanozole in different concentrations. The zone 
inhibition was measured in mm. 
 
 
Table 3: Antifungal activity of ligands and its Cobalt(III) complexes 
  A.  niger C. albicans 
Ligand/complex 25µg/µl 50µg/µl 100µg/µl 25µg/µl 50µg/µl 100µg/µl 
HL1 10 12 15 11 13 15 
HL2 12 13 17 13 14 17 
HL3 11 12 16 12 13 15 
HL4 13 14 17 14 15 18 
HL5 10 13 15 12 13 16 
HL6 13 15 18 14 16 19 
[Co(L1)2]Cl (I)                                      15 14 16 16 17 21 
[Co(L1)2]NO3 (II)  16 17 18 15 17 19 
[Co(L2)2]Cl (III)  15 15 17 14 16 18 
[Co(L2)2]NO3  (IV)  15 17 18 15 16 18 
[Co(L3)2]Cl (V)  17 19 22 17 21 23 
[Co(L3)2]NO3 (VI)   16 17 23 17 20 22 
[Co(L4)2]Cl (VII)  18 20 25 18 21 24 
[Co(L4)2]NO3 (VIII)  17 21 26 18 20 23 
[Co(L5)2]Cl  (IX) 16 19 23 16 18 22 
[Co(L5)2]NO3 (X)  18 21 27 19 21 25 
[Co(L6)2]Cl (XI)  17 19 22 18 21 23 
[Co(L6)2]NO3 (XII)  20 21 26 21 22 25 
Flucanozole 30 31 35 28 30 33 
* Zone inhibition in mm 
 
4. CONCLUSION 
In all the isolated complexes, the ligands behave as 
tridentate and monobasic in nature having donor sites 
N-N-S or S-N-S. The ligands in solution are in thione-
thiol tautomeric form and being chelated to metal ion 
through deprotonation of S-H bond. The structure and 
geometry of the isolated complexes finally established 
through various physiochemical studies. The isolated 
complexes are low spin and octahedral in geometry. 
The complexes are also having different degree of 
antibacterial and antifungal activities. 
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